
Unit 7 – Radioactivity (Ch. 10 & 11)

Chapter 10.1 – Radioactivity and Its History

1. The cathode ray tube was a major invention involved in discovering    radioactivity   . Cathode

rays behave like    negatively charged    particles which are known as    electrons   .

2. German physicist,    Wilhelm Roentgen    discovered    x-rays    where the    x    stood
for “unknown.”

3.    Marie Curie     and her husband    Pierre Curie   , with the help of the work of the

French physicist,    Henri Becquerel   , made huge advances in nuclear chemistry with their
studies concerning radioactivity. 

4. List the different types of waves/rays in the electromagnetic spectrum from lowest frequency/energy
to highest frequency/energy.

C Radiowaves, microwaves, infrared rays, visible light, ultraviolet rays, x-rays, and

gamma rays.

5.    Visible light    is the one form of radiation that humans can actually see.

6. The term    radioactivity    was coined by Marie Curie for the spontaneous    emission    of

radiation from the    nucleus    of an atom.

Chapter 10.2 – Radioactivity and the Nucleus

1. Describe Ernest Rutherford's experiment in which he used radioactivity to explore an atom.  What
did he conclude from the experiment?

C Rutherford directed a stream of positively charged particles at a thin sheet of gold

foil. Most particles past through the sheet, but some were deflected or bounced

straight back.   

C He concluded that most of an atom is empty space, and that all of the positive

charge and almost all of the mass of the atom in concentrated at the centre (known

as the nucleus).

2. Rutherford discovered that a hydrogen nucleus was a subatomic particle and named it a    proton    .
Years later James Chadwick discovered that atomic nuclei contained neutral particles that he called   

   neutrons   .  These particles are not stable outside of a    nucleus   .
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3. The atomic number of an element is the same as the number of    protons   .  The mass number of

an element represents the number of    protons    and    neutrons    added together.

4.    Isotope    is the term given to different atoms of a particular element that have the same

number of    protons   , but different numbers of    neutrons   .

5. Describe how you can find how many neutrons are in a certain isotope of an element if the atomic
number is 52 and the mass number is 134.

C Since the atomic number = the # of protons, there are 52 protons in this isotope.

C The mass number equals the number of protons plus the number of neutrons.

C 134 = 52 + the number of neutrons

C So 134 - 52 = 82 neutrons. 

6. Describe the element, atomic number, number of protons, mass number, and number of neutrons for

the following standard atomic notation:

C The element is potassium.

C The atomic number and number of protons is 19.

C The mass number is 41.

C The number of neutrons is 41!19 = 22.

7. What do all isotopes of the same element have in common?

C Isotopes of the same element have the same element name, atomic number and

number of protons.

8. How do isotopes of the same element differ?

C Isotopes of the same element have different mass numbers and different number of

neutrons.

9. Complete the following table:

Isotope Atomic Number # Protons Mass Number # Neutrons

Carbon-13 6 6 13 7

Cobalt-27 27 27 59 32

Sodium-11 11 11 23 12

Arsenic-33 33 33 75 42

Chlorine-17 17 17 37 20
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Chapter 10.3 – Radioactive Decay

1. Radioactive atoms emit    radiation     because their nuclei are    unstable   .

2. The process in which unstable nuclei lose energy (thus gaining stability) by emitting radiation is

known as    radioactive decay    .

3. When one element changes into another we call this    transmutation   . During this process, a   

   parent    nucleus changes into a    daughter    nucleus.

4. The three main types of emitted radiation are    alpha    radiation,    beta    radiation, and        

      gamma     radiation. 

5. Alpha radiation is a stream of    alpha particles    that have the same combination of particles

as the nucleus of a    helium    atom, with a mass number of  4  and an atomic number of  2 .

6. Alpha particles are made up of    2    protons and    2    neutrons.

7. Alpha particles are much larger than other types of radiation making them relatively    slow    and

not highly    penetrating    . 

8. The term used to describe the emission of an alpha particle from a nucleus is    alpha decay   . 

9. Complete the following alpha decay problems:

a. 

82
PbC

204

b. 

87
FrC

221

c. 

79
AuC

196

10. A   beta particle    is an electron.  Electrons have a negligible mass that is approximately

0.0005 the mass of a proton or neutron, therefore electrons are assigned a mass of    zero   .    

11. Beta particles (electrons) have a charge of    -1    .  
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12. During beta decay a neutron changes into a    proton    and an    electron   .  During this

process the    proton    stays in the nucleus while the    electron    shoots out from the
nucleus with a significant amount of energy.

13. Since the only thing emitted during beta decay is an electron, the   mass number    remains

unchanged and the    atomic number    increases by one.    

14. A well-known beta decay reaction involves the    iodine-131    isotope used in the treatment of
cancer of the thyroid gland.

15. Complete the following beta decay problems:

a. 

3
 LiC

6

b. 

6
 CC

14

c. 

12
MgC

24

16. Gamma radiation consists of high    energy    rays with a short    wavelength    .

17. Gamma radiation has almost no    mass     and no    charge    , therefore during beta decay
both the    atomic number    and    mass number    remain unchanged.

18. Due to its insignificant size,    gamma radiation    has the greatest    penetrating power   
of the three major types of radiation.

19. In gamma decay reactions equations we use the symbol (*) to represent that a certain nucleus has      

extra    energy   .

20. Complete the following gamma decay problems:

a. 

28
NiC

60
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b. 

19
K*C

42

c. 

11
NaC

24

21. The symbol á is used to represent an     alpha      particle, the symbol â is used to represent           

    beta    particle and the symbol ã is used to represent a    gamma    particle.

22. Alpha particles can be also be represented by a    helium     nucleus, and beta particles can also

be represented by an    electron   .

23. In nuclear reaction equations, the    total number    protons plus neutrons, and the charge

number remain    unchanged   . 

24. What are two devices we use to detect radiation?

C We can use a bubble or cloud chamber to detect radiation.  When charged particles

pass through the liquid in a bubble chamber we observe bubbling.

C A Geiger counter monitors changes in current to detect radiation.

Chapter 10.4 – Half-Life

1. A half-life is a constant for any radioactive isotope and is equal to the time required for    half   

the    nuclei    in a sample to decay.  Half-lives are different for different    isotopes   .

2. The isotope that undergoes radioactive decay is called the    parent isotope     and the stable

product of radioactive decay is called the    daughter isotope   .

3. We use radioactive isotopes in    medicine   . The radioactive isotope    thallium-201    for
example, is injected into a patient’s bloodstream and travels to the patient’s heart. This allows us to

obtain an    image    of the heart.

4. An    activity curve    is a curved line on a graph that shows the   rate     at which
radioactive isotopes decay.
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5.  If the half-life for an isotope is 35 days, how much of a 10g sample would remain after:

a. 35 days?

C 5g would remain

b. 70 days?

C 2.5g would remain

c. 105 days?

C 1.25g would remain

6. Explain how you would determine how much of a 50g sample of iodine-131 would remain if
iodine-131 has a half-life of 8 days and 32 days have passed since the sample was made.

C If 32 days have passed and iodine-131 has a half-life of 8 days, then 2 half-lives

have passed.  32 × 0.5 × 0.5 = 8g.

C If the original sample was 50g:  50g × 0.5 × 0.5 = 12.5g would remain.   

7. What is a decay series?

C A decay series is when a parent isotope creates a daughter isotope that in turn

becomes a parent isotope to another daughter isotope.

C The series ends once a stable daughter isotope is formed.

8. Uranium-   238    forms a decay series that ends with the stable isotope lead-   206   . 

9. Carbon dating (also known as    radiocarbon dating   )   is the process of determining the age

of an object by measuring the amount of    carbon-14    remaining in that object.

10. Describe the process of carbon dating.  How old can an object be to be used for carbon dating?  

C Living objects have a nearly constant ratio between the carbon-12 and the

carbon-14 isotopes. 

C Once an organism dies the ratio between the carbon-14 and carbon-12 isotope

decreases, which allows us to determine the age of a dead object.  

C Only object that lived within the past 50,000 years can be used for carbon dating.

11. The daughter isotope for carbon-14 is      nitrogen-14   .
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Chapter 11.1 – Nuclear Reactions

1. Particle accelerators accelerate charged particles to    very high    speeds and then smash the

particles into target    nuclei   .  The two types of particle accelerators are    linear    and         

   circular   .

2. Scientists can use accelerators to study    subatomic     particles.  Nuclear scientists can also

create elements that do not    naturally    occur using a process known as    artificial   
radioactivity.

3. In artificial radioactivity, scientists can change a    non-radioactive   , stable isotope into a  

radioactive isotope by    bombarding    the isotope with an alpha particle or a    neutron   .

4. Explain the concept of artificial radioactivity using the example of Aluminum-27 being bombarded
with alpha particles.

C When aluminum-27 (a stable isotope) is bombarded with alpha particles,

phosphorus-30 and a neutron are produced.

C Phosphorus-30 does not occur naturally and spontaneously decomposes.

5. Artificial isotopes can be useful in treating cancerous    tumours   .

6.    Natural background radiation        is the term for the radiation we come into contact
everyday that is all around us.  Generally, since this type of radiation is always around us it is viewed

as    harmless   .

7. What are the four ways to minimize the effects of radiation on your body?

C Limit your exposure time to radiation.

C Keep far away from radioactive sources.

C Shield yourself from radioactive sources.

C Make sure radioactive sources in your environment are contained whenever possible.

8. The intensity of radiation decreases the    farther    you are from the radioactive source.

9. Explain the relevance of Einstein's equation E=mc  in terms of nuclear reactions.2

C The mass of products produced in a nuclear reaction is less than the mass of the

reactants used.  The missing mass appears as energy.  

C Einstein's equation can be used to calculate the amount of energy available from a

nuclear reaction.
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Chapter 11.2 – Nuclear Reactions: Fission

1. Nuclear fission involves the    splitting    of a larger nucleus into two smaller nuclei, subatomic

particles and energy.  The fission of a nucleus is accompanied by a    very large    release of
energy. 

2. Larger, heavier nuclei tend to be   unstable    , and in order to increase stability atoms with
heavy nuclei split into lighter atoms.

3. Describe the process of the induced uranium-235 nuclear fission reaction that occurs in both
fission-style nuclear weapons and in Canadian nuclear power plants.  Be sure to include the
production the unstable uranium-236 isotope in your explanation as well as all the reactants and
products of the reaction.

C During the nuclear fission reaction of uranium-235 a uranium-235 atom is bombarded

with a neutron.  The nucleus of the uranium-235 absorbs the neutron increasing the

mass number by one and creating the unstable uranium-236 isotope.

C The unstable uranium-236 isotope then undergoes a nuclear fission reaction.

C This reaction involves the splitting of the unstable uranium-236 into smaller nuclei,

neutrons and a lot of energy.

C Specifically the reaction produces kypton-92, barium-141, 3 neutrons and energy.

4. Uranium -235 and uranium-238 occur in natural    ores    containing uranium.  Separating the

two can be done because they differ in    mass   .  However, this process is quite    difficult  

and    costly   .

5. There is a tremendous amount of    energy   released from a nuclear fission reaction.  This

energy is released because some    mass    is converted to energy in the reaction.  

6. What is critical mass?  What happens when it is reached?

C Critical mass is the mass of radioactive material required to initiate a nuclear

reaction.  Once the critical mass is reached the reaction proceeds quickly until all

the material is used up.

7. What are the two methods used in nuclear fission weapons to initiate the nuclear reactions?

C One method is the "gun method".  In this method the mass is kept below the critical

mass by keeping the material in two sections and then forcing the pieces together

(this typically happens when a bomb is dropped and hit a surface).

C The other method is the "implosion method".  In this method a chemical explosion

compresses a single sub-critical piece of nuclear material so that the nuclear

material exceeds the critical mass.
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Chapter 11.3 – Nuclear Power Generation

1. The term used to describe the ongoing process in which one reaction initiates more reactions is a      

   chain reaction   .  These types of reactions can produce rapidly increasing amounts of            

   energy    and may lead to violent    nuclear explosions   .

2. Why is the release of neutrons, kypton-92 and barium-141 in induced uranium-235 reactions
important?

C The release of neutrons in the uranium-235 reaction is important because the

neutrons trigger more fission reactions to occur.  Each reaction produces 3 neutrons

which can cause three additional fission reactions and start a large chain reaction of

fission reactions.

C Kypton-92 and barium-141 are unstable products.  These products can further decay

into other isotopes releasing more useful energy.  

3. What were the five major problems that had to be addressed during the development of the nuclear
fission reactor?  How was each problem addressed?

C The material to be used had to be determined. Enriched uranium-235 would be

needed.

C The neutrons that are emitted in a nuclear fission reaction have high speeds.  The

major problem this posed is that uranium-235 will only absorb a slowing moving

neutron.  A moderator, a material that slows neutrons down would be needed.  The

hydrogen atoms in water tend to slow neutrons down as well.

C Another problem was that neutrons would escape if there was not enough uranium

fuel.  The critical mass needed to be met in order for the reactor to run efficiently.

C A major problem would be controlling the chain reactions that are involved in nuclear

fission of uranium-235.  Cadmium or boron rods could be used to absorb the neutrons

and solve this problem.

C The final problem is dealing with the tremendous heat and energy produced during

the reaction.  A coolant was used to convert the heat energy into electrical energy

to solve this problem.  

4. Chain reactions can be controlled using    cadmium rods    to absorb neutrons.

5. Explain the concern of chain reactions in nuclear power plants.

C Chain reactions can be controlled using materials that absorb neutrons.  However, a

concern about nuclear power plants is that the nuclear reactions may race out of

control.  So precise monitoring and adjusting must be done to ensure the nuclear

reactors remain under control and do not release harmful levels of radiation or

worse, cause an explosion. 
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6. What does CANDU stands for? How does it work? Why is Canada a modern leader in the nuclear
technology of the world?

C CANDU stands for "Canadian deuterium uranium" reactor.  

C CANDU reactors produce a lot of heat which is used to drive turbines that produce

electricity (further increasing the efficiency of the energy plant).

C  The reactor is one of the safest nuclear reactors in the world and can be shut down

quickly if problems arise.  

7. The most common nuclear fission reactor in the world is a    pressurized water    (PWR). 
This type of reactor uses water for the moderator and coolant.  

8. What are some advantages and disadvantages of nuclear power?

C Some advantages are that it can generate electricity while not producing air pollution

and that uranium is widely distributed around the world. 

C Some disadvantages are safety concerns, and the release and disposal of expensive

radioactive materials. 

Chapter 11.5 – Nuclear Reactions: Fusion

1. Nuclear fusion is the process in which    two    low mass nuclei join together to form a more          

    massive    nucleus.   This type of reaction occurs on the    sun    , as well as on other           

      stars    .

2. Fusion reactions require a tremendous amount of    temperature     and    pressure     to
occur.  

3. Describe the fusion reaction that occurs in the Sun.

211  He H !  H +  C 211

4. What is the fusion reaction that occurs in a hydrogen bomb?

0211  n + energy He +   H !  H +  C 1211

5. A neutrino is a particle that has    energy    but no    mass    or    charge   .

6. Even though we have not yet built a nuclear fusion reactor, a major advantage would be that it

would produce energy and no harmful    waste   products.  However the tremendous

temperatures and    pressures    needed make it very difficult to create.  They currently require

more    energy    than they create.

© ProActive Curriculum Ltd. - Rev: 10/14/08 Page 10 of 12



7. What do fission and fusion reactions have in common?

C Both fission and fusion reactions release large amounts of energy.

C They are also both used in nuclear weapons.

8. How do fission and fusion reactions differ?  Be sure to consider the reactions, the products, and
human usage.

C Fission reactions involve a heavy unstable nucleus splitting apart to form 2 smaller

nuclei, while fusion reactions involve combining two lightweight nuclei to form a

heavier nucleus

C Fission reactions often produce daughter products that are also radioactive, while

fission reactions often do not produce radioactive products.

C Fission reactions are common in nuclear power plants, while fusion reactors have still

not be made (due to the high temperature and pressure required for the reactions,

and because the tremendous amount of heat produced is difficult to contain).

C Fusion reactions occur in nuclear weapons, but fission reactions must be conducted as

well to produce the temperature and pressure needed for the fusion reactions to

occur.
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Vocabulary to Know
Write a concise definition of each of these terms found in this chapter.

Alpha particle -

Beta particle -

CANDU - 

Chain reaction - 

Daughter isotope - 

Decay series - 

Fission- 

Fusion- 

Gamma particle -

Half-life  - 

Isotopes -

Mass number -

Nuclear equation -

Nuclear reaction -  

Parent isotope - 

Radiation -

Radioactive decay -

Radiocarbon dating - 
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